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FOREWORD 

This  report  was  prepared  by  Thiokol  Chemical  Corporation,  Reaction 
Motors  Division  under  U.  S.  Army  Contract  No.  DA-1 1 -070-AMC-852( W). 

It  covers  work  done  in  the  fifth  quarter  of  the  program  during  the  period 
19  February  through  18  May  1966.  Mr.  Z.  T.  Ossefort  of  Rock  Island  Arsenal 
is  the  Project  Engineer.  Contributor-  at  Thiokol  are:  Mr.  Nathan  Mayes 
(Principal  Scientist)  and  Mr.  Alan  Jackson.  The  program  is  under  the  general 
direction  of  Dr.  M.  S.  Cohen  and  Mr.  Joseph  Green. 
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ABSTRACT 

The  earboiine  ?iiane  motiomers,  bis(I  -chiorodiinethylsilyi-o-carboran- 
2-yl)  pr opaae  and  bif(  i  -methoxydiinethylsilyl-o-carboran^i-ylipropaEe,  were 
synthesized  and  copolymerized  to  a  carborane  poivsiioxane.  Thermal  charac¬ 
terization  hi  Cl?  po'ymer  by  TGA  and  DTA  in  air  and  nitrogen  indicated  thermal 
stability  to  3SC~C  with  no  oxidation  evident  until  over  400“ C.  ThetHerr. 
data  illustrate  the  "protective  action”  of  carborane  and  its  ability  to  stabilize 
neighboring  groups  to  thermal  oxidative  degradation. 
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l,  INTRODUCTION 

The  objective  of  tins  program  is  the  s;.  -is  of  thermally  stable  carborane 
silaxane  elastomers.  Toe  initial  approach  toward  this  objective  was  the  prepara¬ 
tion  of  polymer  structure  I*,  where  %-  6,  1,  and  2. 

ch3  ch,  /ch,\ 

—  SiCCH^jCBj^HjjCCCH^jSiO  4-  SIO  4- 

CH,  CH,  \  CH,/ 

x 

1 

During  the  first  two  quarters  of  the  program,  this  approach  led  to  the  preparation 

of  several  precursors  and  monomers  inducing 

CH,  CH, 

I  I 

CiSilCH^jCBielijsCfCH^JjSsCI 

CH,  CH, 

and 


CF,  CH, 

I  .  I 

-  SifCR£l}CBi*H,«C4CH£|,SiO  - 

CH,  CH, 

both  of  which  were  polymerized  to  polymers  of  the  desired  structures.  The 
polymers  were  obtained  as  gums  of  molecular  weights  5000-8500  and  higher. 
Hie  higher  polymers  did  sot  dissolve  and  molecular  weights  are  not  known, 
but  these  materials  were  tough  elastomeric  gums  of  apparently  high  molecular 
weight  and  demonstrated  the  flexibility  of  the  polymer  chain. 


*  -C3iSH|4C-  denotes  1.  7-dlcarbacIovododecaborane  commonly  called  m-e  a  rborane 
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Evaluation  of  polymer  structure  I  (x=  0}  for  thermal  and  thermal-oxidative 
stability  indicated  stability  in  an  Inert  atmosphere  to  37CFC  1700' F)  but  de¬ 
composition  in  air  at  240®C  (465SF).  These  results  indicated  that  carborane 
acted  to  retard  the  thermal  rearrange mcnls  that  polvsiloxane  chains  ordinarily 
undergo,  but  it  did  not  appreciably  ishi , oxidative  attack  on  the  silyl  methyl 
groups.  With  this  kr»owief  *e,  it  became  -  ecessary  to  reexamine  the  approach 
that  had  been  taken  and  to  .mnsider  alur  mg  the  course  of  the  program. 

The  reason  for  the  lack  of  thermal -oxidative  stability  in  the  polymer  under 
discussion  became  apparent  upon  examination  of  some  recently  published  work 
concerning  car borane  siloxase  polymers  of  somewhat  different  structure  IRef 
1).  These  pohrsers,  with  structures  fi,  HI,  IV,  and  V,  contained  carborane 
adjacent  to  silicon. 


SiC 

§  i 

CH}  CHj 


CH 


CM 


SiCB^JCSiO-SiO  — 
i  i  i 

CH*.  CH*  CHj 


CHj  CH,  CH,  CH* 

i  I'll 

—  SiCB-^H^CSiC— 510— SiO  — 
1  ‘  I  f  I 

CHj  CHj  CHj  CHj 
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CH3  CH3  CH3  CHj  ch3 

1  fill 

—  SiCBjftHjoCSiO— SiO— SlO—SiO  — 
i  9  I  ?  i  I 

ch3  ch3  ch,  ch3  ch3 

V 

The  polymer  of  structure  II,  with  carborane  adjacent  to  every  silicon,  exhibited 
stability  to  500°  C  in  an  inert  atmosphere  and  to  450°C  in  air.  The  polymers 
of  structures  Hi,  IV,  and  V  exhibited  progressively  lower  thermal  oxidative 
stabilities.  The  data  Indicated  that  carbcrane  stabilizes  adjacent  silyi  methyl 
groups  and  protects  them  from  oxidative  attack.  Silyi  methyl  groups  farther 
removed  from  carborane,  as  in  polymers  III,  IV,  and  V,  were  not  prelected, 
and  lower  thermal-oxidative  stabilities  were  observed  for  these  polymers. 

Thus,  it  was  apparent  that  polymers  of  structure  I  were  sot  stable  to  tnermal- 
oxidative  attack  because  in  these  structures  the  carborane  group  is  too  far 
from  the  silyi  methyl  groups  to  protect  them. 

It  is  evident  then  that  to  obtain  carborane  siloxane  polymers  of  high  thermal- 
oxidative  stability,  the  carborane  must  he  positioned  adjacent  to  silicon  as  in 
structure  EL  Structure  n,  however,  is  a  high  melting  resin  imp  200"  C)  and 
to  obtain  elasticity,  it  is  necessary  to  incorporate  flexible  linking  groups  into 
the  polymer  chain.  The  linking  groups  may  not  be  dimethyisiloxanes  as  in  HI, 

IV,  and  V  because  the  methyl  groups  are  not  stabilized  by  carborane  and  are 
susceptible  to  oxidation.  The  linking  groups  then  must  also  be  adjacent  to 
carborane  and  is  order  to  be  within  the  known  protective  sphere  of  the  carborane, 
the  linking  groups  should  contain  so  carbon  atom  that  is  more  than  one  atom  re¬ 
moved  from  carborane.  Structure  VT  meets  all  of  these  repair 


ements. 


tar 
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ch-4 

i  * 


—  O3iCBt0H:3CCH2CH2CH2CH2CBl0Hi0CSi  — 

i  i 


CH 


3 


3 


VI 


The  third  and  fourth  quarters  of  the  program  were  devoted  primarily  to 
the  synthesis  of  precursors  and  monomers  toward  the  eventual  preparation  of 
structure  VI  or  related  structures.  A  dichlorosilane  monomer  that  could  lead 
to  such  structures  was  synthesized;  however,  it  was  not  directly  polymerizable 
and  it  has  been  necessary  to  prepare  a  dialkoxysilane  monomer  in  order  to 
effect  polymerization. 
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II.  TECHNICAL  PROGRESS 

A.  MONOMER  SYNTHESIS 

1.  BisCl  -chlorod  imethyrsilyi-o-carboran -2 -yl)  propane 

The  original  synthesis  of  bis{ i  -chlorodimethylsilyl-o-carboran-2-yI) - 
propane  was  reported  in  the  previous  quarterly  report  (Ref  2).  The  synthesis 
has  been  repeated  on  a  larger  scale  and  a  higher  yield  of  the  product  has  been 
obtained.  Specifically,  32.  S  gm  of  product  (72%  yield)  was  obtained  from 
30.  2  pe  (0.  092  mole)  of  I,  3 -di ~o -carho rany  Ipropanec  treated  with  0. 184 
mole  of  _n -buty  Hithium  and  1.84  moles  of  dichlorodimethy  lsi  lane.  The  product 
crystallised  from  the  reaction  mixture  to  crystals  of  mp  2J0-21 ISC.  The 
$eo^t  has  bees  identified  by  infrared  spectroscopy.  Positive  identification 
awaits  a  complete  elemental  analysis. 

2.  Ms(l  -mctjsosydisaetisiyisiiyi~o~carboran-2 -yl)propanc 

Tfee  tm  ethoxy  derivative  was  prepared  by  the  acid  (hydrochloric  or  j}~ toluene - 
sulfomcj  catalysed  reaction  of  trimethoxymethane  am!  bis(l  -chloroc  im  ethyl - 
iikl«£*c«^ri3'2  •  yl)pro|nse  I  Equation  1). 

CH>  fH,  +  CH,  CHj 

CIS-.C - CiCHjjjC - CSiCi  +  (CKjO)  jCH  -%CHjOSi  C - C  (CHJ.C - C  SiOCH 

V/  CH,\o/  \o/  £h, 

SmHji  Bi0Hit  Bi0Hlc  ( 
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A  preparation  conducted  with  20  gm  of  the  chloro  compound  and  an  excess  of 
trimethoxymethane  yielded  12  gm  of  recrystallized  product  for  a  60%  yield. 
The  product,  once  recrystallized  from  methanoj.melted  at  156-1 58°  C.  A 
sample  recrystallized  from  pentane  melted  at  159.  5-l60°C. 

This  methoxy  compound  has  been  identified  by  infrared  spectroscopy 
(F'gure  l).  A  complete  elemental  analysis  is  pending. 

B.  POLYMER  SYNTHESIS 

An  attempt  to  polymerize  bis(  1 -chlorodimethylsilyl-o-carboran-2-yl) 
propane  by  hydrolysis/condensation  resulted  in  hydrolytic  cleavage  of  the 
silicon  carborane  bond.  To  ascertain  whether  this  behavior  was  peculiar  to 
the  chloro  compour**,  where  hydrolytic  cleavage  could  be  catalyzed  by  re¬ 
leased  hydrochloric  acid,  hydrolysis/condensation  of  the  methoxy  derivative 
was  also  attempted.  Hydrolytic  cleavage  also  occurred  in  the  methoxy  com¬ 
pound  showing  the  necessity  for  a  nonhydrolysis  type  polymerization. 

Polymerization  was  effected  by  the  ferric  chloride  catalyzed  condensation 
of  the  chloro  and  methoxy  derivatives  (Equation  2). 

CHj  CH3  CH3  CH3 

ciSi-c-cCcHihc-c  sici  cr,  an-c-cCcH^c-c-sioc^  FeCl3  > 

CH}  \p/  w  U  «A°/  \°/Ah3 


CH3  ch3 

I  3  I 

—  -  Si-C-C(CHi)3C~C*-Si  O-j- +  CH3C1 
I  \rsl  \nl  i 


BjgHjQ  BioHjo 
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The  reaction  was  conducted  initially  with  2  mole  percent  ferric  chloride  catalyst 
but  subsequent  additions  of  catalyst  were  necessary  to  complete  the  reaction. 

The  reaction,  conducted  at  200-240° C,  evolved  gas  over  a  10-hour  period  which 
amounted  to  122.  3  percent  of  theoretical  methyl  chloride.  Infrared  mass 
spectral  analyses  of  the  evolved  gas  indicated  the  presence  of  methyl  ether  -nil 
methanol,  in  addition  to  methyl  chloride. 

The  polymer  product  was  obtained  as  a  te*  «wn  brittle  solid  .  'f  .uniting  ra**~ 
170-185°C.  It  is  soluble  in  hot  xylene  a.,a  precipitates  on  cooling.  It  is  sU'i 
soluble  in  ace  to  it**.  An  infrared  spectrum  of  i..e  polymer  %  Figure  &}  exhibited 
the  absorptiq,*  peaks  exp2C4-ed  of  the  pr^oosc d  structure. 

C.  THERMAL  STABILITY  CHAR  AC  T  ERI Z  ATIQP* 

Thermal  characterization  of  the  carborane  siloxane  polymer  by  DTA  and 
TGA  in  both  air  and  nitrogen  sno'vs  itto^e  therma’iy  staL!**  to  350*  C  w,fch  no 
oxidation  evident  until  over  40G“C.  The  TGAf*  L*  both  air  and  nitrogen  (Figures 
3  and  4)  show  first  significant  weight  loss  at  3§0cC,  The  TGA  in  air  shows  a 
drastic  weight  loss  at  about  41  (TC  which  is  not  apparent  in  nitrogen  and  is  un¬ 
doubtedly  due  to  oxidative  degradation,  DTA's  m  air  and  nitrogen  (Figures 
5  and  6}  show  an  exotherm,  which  is  attributable  to  thermal  degradation,  start¬ 
ing  at  about  375°C.  The  I?TA  in  aii  exhibits  an  additional  sharp  and  large  exotherm 
starting  at  420cC  which  is  duo  to  oxidation.  The  small  enuotherms  seen  in 
both  air  and  nity^g^n  at  about  110°  a nd  185*0  apparently  indicate  transitions. 

The  110°C  endothemt  could  be  the  second  order  transition  or  it  could  be  the 
evaporation  of  adventitious  moisture.  The  I85°C  endotherm  is  undoubtedly  a 


n 
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transition,  probably  the  first  order  transition,  since  this  is  in  the  range  oi 


the  observed  polymer  melting  temperature.  Following  the  first  order  transi¬ 
tion  there  is  a  continuous  gradual  rise  which,  since  it  is  not  accompanied  by 
any  substantial  weight  loss  as  shown  by  the  TGA's,  may  be  due  to  additional 
polymerization  in  the  molten  state  or  instrument  drifting. 
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ill.  DISCUSSION 


The  polymer  that  has  been  prepared  is  a  relatively  high  melting  material 
( 1 7 0" C)  and  probably  also  has  a  high  glass  transition  temperature,  possibly 
HG“C.  This  is  evidently  a  result  of  chain  inflexibility  which  Is  caused  by  the 


bulky  o-carborane  moieties.  In  this  polymer,  the  carboranes  are  separated  by 
only  three  carbons  and  steric  interaction  of  the  c arbor ane  groups  with  resultant 
restrictions  on  chain  bending  and  coiling  may  be  expected.  -  Such  restrictions 
may  be  expected  in  any  case  where  such  bulky  groups  are  present  in  the  chain, 
but  the  restrictions  may  be  minimize  when  the  groups  are  adequately  separated. 
The  polymers  to  be  prepared  which  will  have  as  many  as  five  carbons  between 
carboranes  arc  expected  to  be  more  flexible  and  consequently  lower  melting. 

Polymers  to  be  prepared  which  will  contain  meta-  rather  than  ortho-caroorane 

♦ 

may  also  be  lower  melting.  It  may  be  advisable  to  consider  investigating 
structures  that  contain  linkages  between  carboranes  that  are  more  flexible 
than  methylene  chains.  Examples  of  those  that  could  be  investigated  for  their 
effect  on  physical  properties,  their  thermal  stability  and  their  possible  sta¬ 
bilization  by  carborane  are  ether,  thioether  and  disulfide  linkages. 

The  concept  which  has  been  investigated  here  (that  carborane  can  stabilize 
proximate  silyl  methyl  groups  tc  thermal  oxidation)  has  been  supported  by  the 
thermal  character  of  the  polymer  most  recently  prepared.  This  polymer, 
which  contains  carborane  adjacent  to  every  silyl  methyl  group,  exhibits  first 
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thermal  oxidation  at  410~C.  This  is  in  contrast  to  the  carhorane  stmaae 
polymer  previously  prepared  on  this  program  in  which  the  carboranes  were 


three  carbon  atoms  removed  from  every  siiyl  methyl  group.  This  polymer 


exliibited  thermal  oxidative  degradation  at  240SC  (similar  to  polydimeihylstloxane 


The  site  of  the  degradation  is  presumably  the  siiyl  methyl  groups.  Relocation 
of  the  carboranes  to  place  them  next  to  all  siiyl  methyl  groups  has  increased 
thermal  oxidative  stability  from  240s  to  4 1  0  C  and  has  demonstrated  the 


"protective  action”  of  the  carhorane. 

Both  carhorane  siloxane  polymers  have  exhibited  a  nonoxidative  thermal 
degradation  at  about  350SC.  A  reasonable  explanation  for  the  degradation  of 
the  first  polymer  prepared  was  that  it  degraded  to  a  cyclic  siloxane  which  was 
known  to  exist.  The  similar  thermal  degradation  of  the  second  polymer  at 
about  350cC  may  indicate  that  cyclization  also  occurs  here  and  that  the  cyclic 
of  structure  VII  can  exist. 


CH, 

1 

Si 


HioBjs 


C 

C 


C 


B|jH|e 


CH2-CH2-CH2 

Vtl 
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If  upon  further  investigation  it  is  ascertained  that  degradatto 


this  manner,  the  ultimate 


if  St, 


ITo^S  - 


ed  by  structural  changes  in  the  polymer  that  will  prevent  eye  fixation.  One 

€cX3Unfip'J.t&  OS  SlSCSa  H  aS  SatC"  StSOSaiStsSlO*!  OS  r«S^S5l*#  Aygagsy Sol"  Q£rSjsO * 


c arbor ane 


if  action  MOTORS  Division 


REACTION  MOTORS  DIVISION 


Comparison  of  the  thermal  oxidative  stability  of  this  polymer  with  that  of 
a  polymer  of  similar  structure  (but  which  has  carborane  in  a  different 
position  in  the  backbone  relative  to  silicon)  shows  that  carborane  does 
stabilize  nearby  silyi  methyl  groups  toward  thermal  oxidation. 
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1$.  ABSTRACT 

The  carborane  silane  monomers,  bis(l -chlorodimethylsilyl -o-c  arbor  an- 
2-yl)  propane  and  bis(l -methoxydimethylsilyl-o-carboran-2-yl)propane,  were 
synthesized  and  copolymerized  to  a  carborane  polysiloxane.  Thermal  charac¬ 
terization  of  the  polymer  by  TGA  and  DTA  in  air  and  nitrogen  indicated  thermal 
stability  to  350°C  with  no  oxidation  evident  until  over  400° C.  The  thermal 
data  illustrate  the  "protective  action"  of  carborane  and  its  ability  to  stabilize 
neighboring  groups  to  thermal  oxidative  degradation. 
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